Introduction
============

Osteoporosis is a systemic disease which can lead to increased bone fragility and a propensity to fracture.[@b1-cia-13-853] According to statistics, there arê144 million Chinese people over the age of 65 and the mean prevalence of osteoporosis among this population is estimated at 15.7%.[@b2-cia-13-853] The most severe complication of osteoporosis is osteoporotic fracture, and the osteoporotic compression fracture in the thoracic or lumbar spine (osteoporotic vertebral compression fractures \[OVCFs\]) is the most common type accounting for almost 50% of the osteoporotic fractures.[@b3-cia-13-853] However, many patients with OVCFs lack significant clinical symptoms, including back pain, height loss and kyphosis, and only 30%--40% patients with OVCFs seek medical assistance.[@b4-cia-13-853] Thus, a large number of patients with OVCFs suffer from serious clinical consequences, such as chronic disabling pain, spinal kyphosis, psychological disorders, decreased quality of life (QoL), loss of mobility and even death.[@b5-cia-13-853]

Traditionally, the conservative therapy for OVCFs, including bed rest, pain medication, anti-osteoporosis drugs, physical therapy and bracing, can relieve pain during the natural healing process of fractures.[@b6-cia-13-853] However, it is not appropriate for elderly patients due to high risk of hypostatic pneumonia, decubitus ulcers and venous thromboembolism.[@b7-cia-13-853] Since the late 1980s, percutaneous vertebroplasty (PVP) and percutaneous kyphoplasty (PKP) have gradually become the most popular treatments of OVCFs for quickly relieving pain and achieving spinal stabilization.[@b8-cia-13-853] PKP, firstly reported by Garfin et al in 1998, was introduced to correct the spinal kyphotic deformity and restore the vertebral height via balloon expansion.[@b9-cia-13-853] PKP is the modification of PVP with more injected cement volume, short-term pain relief, improvement of kyphotic angle and lower incidence of cement leakage.[@b10-cia-13-853] However, Kim et al's study has reported that the incidence of new fractures after PKP is about 12.5%--36.8%.[@b11-cia-13-853] The widely accepted mechanism for recompression is the load transfer mechanism after augmentation, indicating that PKP increases the stiffness of treated vertebral segments and it may change the biomechanical properties of adjacent vertebral body leading to increased stresses and strains in the levels of adjacent vertebra.[@b12-cia-13-853],[@b13-cia-13-853]

Bisphosphonates have been used as the first-line agents for prevention and treatment of osteoporosis.[@b14-cia-13-853] Numerous clinical studies have proved that bisphosphonates could reduce the bone turnover rate, increase bone mineral density (BMD) and decrease the risk of osteoporotic fractures by inhibiting osteoclastic function and inducing osteoclast apoptosis.[@b15-cia-13-853],[@b16-cia-13-853] Zoledronic acid (ZOL) is a third-generation, nitrogen-containing bisphosphonate, and a once-yearly intravenous infusion of ZOL 5 mg can ensure bisphosphonate adherence and persistence over 12-month interval.[@b17-cia-13-853],[@b18-cia-13-853] Moreover, ZOL is the most potent inhibitor of farnesyl diphosphate synthase, resulting in strongly inhibiting bone resorption, increasing secondary mineralization for refilling of remodeling space and reducing the incidence of vertebral/non-vertebral fractures.[@b19-cia-13-853] The therapeutic effect of PKP combined with ZOL infusion in the treatment of elderly OVCF is currently controversial. Therefore, the purpose of this retrospective study is to investigate the clinical efficacy of PKP/ZOL combined treatment for elderly osteoporotic patients and to determine the protective effect of ZOL against recompression fractures after initial PKP by comparing patients with OVCF treated with and without ZOL infusion.

Materials and methods
=====================

Study design and patients
-------------------------

This retrospective, single-center study was performed based on a protocol approved by the institutional review board of Wuhan No 1 Hospital and in accordance with the principles of the Declaration of Helsinki. We reviewed the medical records of elderly patients (mean age 77.4±5.4 years, range 67--88 years) with OVCF from June 2009 to June 2015. The informed consent to review medical records was obtained from every patient enrolled in this study. The inclusion criteria were a diagnosis of osteoporosis, defined as a BMD T-score of −2.5 or less at the lumbar spine measured by dual-energy X-ray absorptiometry (DXA) and additional diagnosis of OVCF based on symptoms of low back pain, difficult walking/standing and results of X-ray and magnetic resonance imaging.[@b20-cia-13-853] All the cases were single-level vertebral fractures and not conservatively treated, such as bed rest, pain medication, anti-osteoporosis drugs, physical therapy and bracing. The exclusion criteria included spinal tumor, infection, burst vertebral fractures, history of spinal surgery, history of anti-osteoporosis treatment, severe spinal deformities, uncorrected bleeding diatheses, renal insufficiency with creatinine clearance rate \<35 mL/min and other metabolic disorders.

Grouping and treatments
-----------------------

A total of 95 elderly patients (44 women and 51 men) were enrolled in this study and they were divided into three groups, including ZOL group, PKP group and PKP+ZOL group. All patients received conservative treatment for OVCF, which consisted of daily 1,000 mg calcium and 800 IU vitamin D supplements prior to the ZOL infusion and/or PKP treatments. In the ZOL group, 32 patients received once-yearly intravenous ZOL infusion (Aclasta) as 5 mg dose in 100 mL solution infused over at least 15 minutes. In the PKP group, 34 patients underwent standard PKP treatments. In the PKP+ZOL group, 29 patients received ZOL 5 mg infusion 3 days after PKP and once-yearly thereafter. All patients continued receiving conservative treatment after ZOL infusion and/or PKP treatments. Nonsteroidal anti-inflammatory drugs and other pain killers were administered if necessary. All feasible and suitable therapeutic strategies were provided for every patient and they selected different treatments mainly based on the economic conditions and personal wishes without any mandatory requirement.

Surgical procedures
-------------------

The indications for PKP included moderate to severe pain caused by radiologically confirmed compression fracture secondary to osteoporosis that did not improve with \>4 weeks of conservative management including bed rest, nonsteroidal anti-inflammatory drugs, opioid analgesics and bracing. All surgical procedures of PKP were performed by the same group of spinal surgeons in our department. Patients were positioned prone on the operation table under general anesthesia. A small incision was made based on X-rays' guidance localization and a probe was subsequently placed into the vertebral space at the fracture site. The bone was drilled, and a balloon (Kinetic Inc., Shanghai, China) was inserted on each side and the balloons were then inflated with contrast medium in order to obtain the desired height recovery. The spaces created by the balloons were then filled with bone cement carefully with fluoroscopic monitoring. After surgery, patients were monitored for 6 hours postoperatively.[@b21-cia-13-853]

Radiographic and clinical assessment
------------------------------------

Radiographic and clinical assessments were performed at admission and after treatment of PKP and/or ZOL infusion at 1 week, 3, 6, 12 and 24 months. As for the PKP group and the PKP+ZOL group, patients had to undergo preoperative magnetic resonance imaging and computed tomography assessments also for ensuring operative orientation and routes. Postoperative X-rays for these patients were assessed at 1 week, 3, 6, 12 and 24 months. The changes in vertebral body height and degrees of kyphotic deformity were measured by lateral radiographs. The incidence of recompression vertebral fracture (RVF) was also measured based on the result of radiography which was confirmed by the Genant et al semi-quantitative assessment method as a reduction of 20% (minimum 4 mm) from baseline in the height of any vertebra.[@b22-cia-13-853] Moreover, BMD of the spine was preoperatively measured as an indicator of osteoporosis (T-score ≤−2.5) with DXA and selected as baseline for each patient. Postoperative BMDs were detected at 12 and 24 months. Clinical outcome was evaluated using Visual Analog Scale (VAS) scores and Oswestry Disability Index (ODI) scores at before and after PKP/ZOL treatments. VAS scores (from 0, no pain to 10, worst pain) were applied for evaluating back pain. The ODI scores were used to assess functional capacity, indicating a better health status with a lower percentage. The ODI is the most commonly recommended condition-specific outcome measure in patients with acute and chronic low back pain with high test--retest reliability.[@b23-cia-13-853] Safety assessments of PKP and ZOL infusion were performed in the period of hospitalization and at each clinic visit during post-discharge follow-up. As for ZOL infusion, all documented adverse effects and acute-phase reactions (occurring within 3 days after ZOL infusion) were evaluated for its safety profile. As for PKP, operative complications, including cement leakage, bleeding, infection, cardiac arrest, pulmonary embolism and stroke, were recorded for safety assessments.

Statistical analysis
--------------------

Statistical analysis was performed using Statistical Product and Service Solutions software (SPSS 19.0; IBM Corporation, Armonk, NY, USA). The results were presented as mean±SD. Student's *t*-test and one-way analysis of variance were applied for continuous data, and chi-square test for categorical data. A value of *P*\<0.05 was considered statistically significant.

Results
=======

Demographic characteristics
---------------------------

A total of 95 elderly patients of age 65 and above were diagnosed with OVCF based on BMD (T-score ≤−2.5), radiography (a reduction of ≥20% from baseline in the height of any vertebra) and clinical manifestations. [Table 1](#t1-cia-13-853){ref-type="table"} shows the different locations of vertebral fractures. Patients were divided into three groups based on different therapeutic strategies, including the ZOL group (once-yearly 5 mg ZOL infusion, n=32), the PKP group (standard PKP treatment, n=34) and the PKP+ZOL group (once-yearly 5 mg ZOL infusion after standard PKP treatment, n=29). All patients completed 24 months of follow-up and received radiological and clinical evaluations at 1 week, 3, 6, 12 and 24 months after PKP surgery and/or ZOL infusion. [Table 2](#t2-cia-13-853){ref-type="table"} shows the demographic characteristics of patients before PKP and/or ZOL infusion. There were no significant differences in patients' age, gender, body mass index, lumbar spine BMD T-scores, baseline of VAS scores and ODI scores.

Radiological outcomes
---------------------

The vertebral body height before PKP and/or ZOL infusion was 11.66±1.34 mm in the ZOL group, 11.29±1.28 mm in the PKP group and 11.32±1.30 mm in the PKP+ZOL group. There were no significant differences among the three groups (*P*\>0.05). The vertebral body heights of patients with OVCF after ZOL infusion at 1 week, 3, 6, 12 and 24 months were 11.70±1.35, 11.33±1.37, 11.12±1.48, 10.76±1.47 and 10.38±1.33 mm, respectively. The postoperative vertebral body heights after PKP at 1 week, 3, 6, 12 and 24 months were 23.70±3.03, 22.46±2.93, 21.17±2.96, 20.84±2.38 and 20.13±2.41 mm, respectively, which were significantly higher than those of the ZOL group (*P*\<0.05). As for the PKP+ZOL group, the postoperative vertebral body heights were 24.30±3.13, 24.12±2.97, 23.82±3.01, 23.76±2.67 and 23.31±2.59 mm at 1 week, 3, 6, 12 and 24 months, respectively, after PKP and ZOL infusion, which were also significantly higher than those of the ZOL group (*P*\<0.05). Moreover, the postoperative vertebral body heights in the PKP+ZOL group were significant higher than those of the PKP group at 3, 6, 12 and 24 months after PKP operations ([Figure 1](#f1-cia-13-853){ref-type="fig"}).

The pretreatment kyphotic wedge angle was 15.35°±5.33° in the ZOL group, 17.23°±5.83° in the PKP group and 16.83°±5.33° in the PKP+ZOL group. There were no significant differences among the three groups (*P*\>0.05). The kyphotic wedge angles of patients with OVCF after ZOL infusion at 1 week, 3, 6, 12 and 24 months were 15.66°±6.54°, 15.83°±6.31°, 15.94°±4.98°, 16.11°±4.81° and 16.30°±5.43°, respectively. The postoperative kyphotic wedge angles after PKP at 1 week, 3, 6, 12 and 24 months were 8.84°±4.31°, 9.33°±4.91°, 9.59°±4.19°, 10.01°±3.19° and 10.64°±3.89°, respectively, which were significantly lower than those of the ZOL group (*P*\<0.05). As for the PKP+ZOL group, the postoperative kyphotic wedge angles were 8.13°±4.11°, 8.19°±3.72°, 8.20°±3.28°, 8.23°±4.83° and 8.45°±4.29° at 1 week, 3, 6, 12 and 24 months, respectively, after PKP and ZOL infusion, which were also significantly lower than those of the ZOL group (*P*\<0.05). Moreover, the postoperative kyphotic wedge angle in the PKP+ZOL group was significantly lower than that of the PKP group at 24 months after PKP operations ([Figure 2](#f2-cia-13-853){ref-type="fig"}). A representative case of a 71-year-old female patient with T11 OVCF who received the combination treatment of PKP and ZOL infusion has been shown in [Figure 3](#f3-cia-13-853){ref-type="fig"}.

The baseline of lumbar spine BMD T-score was −3.80± 0.67 in the PKP group, −3.67±0.59 in the ZOL group and −3.51±0.47 in the PKP+ZOL group. There were no significant differences among the three groups (*P*\>0.05). The BMD T-scores of patients with OVCF after only PKP at 12 and 24 months were −3.74±0.81 and −3.82±0.59, respectively, indicating no significant differences compared with baseline (*P*\>0.05). However, after ZOL infusion, the BMD T-scores were significantly higher than baseline, which were −3.03±0.72 after 12 months and −2.78±0.48 after 24 months in the ZOL group (*P*\<0.05). Similarly, in the PKP+ZOL group, the BMD T-scores of lumbar spine at post-12 months and post-24 months were −2.91±0.57 and −2.59±0.64, respectively, which were significantly higher than the baseline (*P*\<0.05; [Figure 4](#f4-cia-13-853){ref-type="fig"}).

Clinical outcomes
-----------------

The baseline of pretreatment VAS was 7.43±0.98 in the ZOL group, 7.23±1.04 in the PKP group and 7.75±1.02 in the PKP+ZOL group. There were no significant differences among the three groups (*P*\>0.05). The VAS scores of patients with OVCF after ZOL infusion at 1 week, 3, 6, 12 and 24 months were 3.30±1.32, 5.31±1.27, 4.82±1.03, 4.57±0.98 and 4.33±1.19, respectively, indicating that the VAS scores were significantly less than the baseline (*P*\<0.05). As for the PKP group, the VAS scores after PKP at 1 week, 3, 6, 12 and 24 months were 2.48±1.09, 1.62±0.63, 2.83±0.71, 3.11±1.10 and 3.42±0.97, respectively, which were significantly lower than the baseline (*P*\<0.05) and those of the ZOL group (*P*\<0.05). Similarly, the VAS scores of the PKP+ZOL group were 2.13±0.84, 1.42±0.76, 2.73±0.80, 2.81±0.67 and 3.08±1.03 at 1 week, 3, 6, 12 and 24 months, respectively, after PKP and ZOL infusion. Compared with the baseline, the VAS scores of PKP+ZOL group had significantly decreased (*P*\<0.05) and were found to be significantly lower than those of ZOL group (*P*\<0.05). However, the differences in VAS scores between the PKP group and the PKP+ZOL group were not statistically significant (*P*\>0.05; [Figure 5](#f5-cia-13-853){ref-type="fig"}).

The baseline of pretreatment ODI was 37.00%±2.03% in the ZOL group, 38.50%±3.21% in the PKP group and 37.99%±2.11% in the PKP+ZOL group. There were no significant differences among the three groups (*P*\>0.05). The ODI scores of patients with OVCF after ZOL infusion at 1 week, 3, 6, 12 and 24 months were 33.21%±2.31%, 29.96%±1.91%, 31.20%±2.14%, 32.79%±2.29% and 34.34%±1.83%, respectively, suggesting that the ODI scores were significantly less than the baseline (*P*\<0.05). As for the PKP group, the ODI scores after PKP at 1 week, 3, 6, 12 and 24 months were 24.37%±2.98%, 21.19%±3.34%, 26.74%±3.09%, 28.97%±2.73% and 30.13%±2.44%, respectively, which were significantly lower than the baseline (*P*\<0.05) and those of the ZOL group (*P*\<0.05). Similarly, the ODI scores of the PKP+ZOL group were 21.32%±2.47%, 17.38%±1.89%, 19.74%±2.08%, 21.76%±2.81% and 24.98%±3.01% at 1 week, 3, 6, 12 and 24 months, respectively, after PKP and ZOL infusion. Compared with the baseline, the ODI scores of PKP+ZOL group had significantly decreased (*P*\<0.05) and were found to be significantly lower than those of ZOL group (*P*\<0.05). Moreover, the ODI scores of the PKP+ZOL group were significantly lower than those of the PKP group at 6, 12 and 24 months after treatments (*P*\<0.05; [Figure 6](#f6-cia-13-853){ref-type="fig"}).

Safety profile
--------------

The complications of PKP operations and the adverse events (AEs) of ZOL infusion were evaluated in this study ([Table 3](#t3-cia-13-853){ref-type="table"}). The postoperative radiography of PKP-treated vertebral body indicated that the cement extravasation occurred in 10 patients, including 6 patients in the PKP group and 4 patients in the PKP+ZOL group. The differences in cement extravasation rates between two groups were not statistically significant (*P*\>0.05). Cement leakages appeared in the paravertebral soft tissues, venous plexus and adjacent intervertebral disks. Other major complications of PKP, such as bleeding, infections, cardiac arrest, pulmonary embolism, stroke or spinal canal leakage, were not observed in this research. No major complications of PKP, such as pulmonary embolism or spinal canal leakage, were observed. The incidence of RVF in the PKP group was 14.7% within the 2-year follow-up period. However, there was no patient with RVF in the PKP+ZOL group and the differences in RVF incidences between the two groups were statistically significant (*P*\<0.05). The most common AEs observed with ZOL infusion were acute-phase reactions, including flu-like symptoms, fever, headache, nausea, myalgia and arthralgia. [Table 3](#t3-cia-13-853){ref-type="table"} shows that there were no significant differences in the AEs between the PKP+ZOL group and the ZOL group.

Discussion
==========

Osteoporosis had affected an estimated 22.61 million elderly persons aged over 65 in China, which brought serious burden to the public health and social economy. The most prominent feature of osteoporosis was low BMD, which was accompanied by the impairment of bone microarchitecture, increase in bone fragility and a propensity to fractures. Oral nitrogen-containing bisphosphonates, such as alendronate, risedronate and ibandronate, were proved to be the first-line agents for osteoporosis treatment by reducing the bone turnover rate, increasing BMD and decreasing the risk of osteoporotic fractures.[@b24-cia-13-853] Recently, a once-yearly intravenous infusion of 5 mg ZOL, the third generation of nitrogen-containing bisphosphonate, has been approved by the US Food and Drug Administration for the treatment of postmenopausal osteoporosis, male osteoporosis and glucocorticoid-induced osteoporosis.[@b25-cia-13-853] Particularly, ZOL infusion was useful for patients with serious gastrointestinal intolerance and malabsorption to oral bisphosphonates. Moreover, ZOL infusion exhibited strong inhibition of bone resorption, effective improvement of secondary mineralization for refilling of remodeling space and significant decrease in vertebral/non-vertebral fractures.[@b19-cia-13-853] As we all know, osteoporotic fracture was one of the most serious complications of osteoporosis, which was more prevalent in the elderly patients. The significant clinical manifestations of patients with OVCF included chronic disabling pain, spinal kyphosis, psychological disorders, decreased QoL, loss of mobility and even death. Percutaneous vertebral augmentations, such as PVP and PKP, were the most popular treatments for OVCF for quickly relieving pain and achieving spinal stabilization. Compared with PVP, PKP could provide more injected cement volume, shorter-term pain relief, significant improvement of vertebral height and kyphotic wedge angle. However, the occurrence of RVF after PKP seemed to be inevitable and its possible mechanism was that PKP increased the stiffness of treated vertebral body which changed the biomechanical properties of adjacent vertebral body. Overall, the effect of ZOL infusion on PKP for treating elderly OVCF was still unclear and it was urgent to resolve the relationship between the two important treatments for osteoporosis.

In this study, within 24-year follow-up period, the radiographic and clinical outcomes of elderly patients with OVCF who received ZOL infusion after PKP, including vertebral height, kyphotic wedge angle, BMD, VAS, ODI and the incidence of RVF, were compared with those of patients treated by only ZOL infusion or PKP. The postoperative vertebral heights of patients with OVCF after PKP and PKP+ZOL were 23.70±3.03 and 24.30±3.13 mm, respectively, which were significantly higher than that of ZOL group. The reduction in degrees of kyphotic deformity in the PKP and PKP+ZOL groups was corrected to 8.4° and 8.7°, respectively. Similarly, Liu et al[@b21-cia-13-853] reported that PKP could restore the vertebral height to 2.04±0.41 cm and 8.0° reduction in wedge angle. Moreover, Saxena et al[@b26-cia-13-853] retrospectively investigated 199 kyphoplasty procedures in 135 patients and reported that the kyphotic angle corrected from 17.41° to 10.59°. The effective restoration of vertebral height and kyphotic angle indicated excellent therapeutic effects of PKP for elderly patients with OVCF in this study. Noticeably, the restoration of vertebral height and kyphotic angle was more effective in the PKP+ZOL group than that in the PKP group, indicating that ZOL infusion might inhibit deterioration of bone mass after PKP surgery for maintaining the vertebral height and delaying kyphotic deformity. Moreover, according to DXA results, the BMD T-scores of patients with OVCF in the ZOL group and PKP+ZOL group were significantly higher than those in the PKP group, indicating that ZOL could significantly improve the BMD of lumbar spines. In the HORIZON-Pivotal Fracture Trial (HORIZON-PET), after ZOL infusion, the risk of vertebral fractures was significantly reduced by 77% and the BMD of lumbar spine significantly increased by 6.7%, which were similar with our results.[@b27-cia-13-853] As for the VAS and ODI scores, our results showed that PKP and PKP+ZOL treatment could provide better pain relief and functional recovery than single ZOL conservative treatment for elderly patients with OVCF. Moreover, we suggested that PKP+ZOL combination treatment might promote the recovery of spinal cord function, compared with PKP or ZOL infusion. Similarly, Tu et al[@b28-cia-13-853] retrospectively analyzed 64 patients with osteoporosis who underwent lumbar interbody fusion surgery (LIFS) and reported that the ZOL infusion could significantly improve the VAS and ODI scores. According to the results of complications and the AE of PKP or ZOL treatment, the rate of cement leakage in the PKP was \~15%. Sun et al[@b23-cia-13-853] performed a retrospective study of 89 cases for PKP in treating osteoporotic occult vertebral fracture and they reported that the rate of cement extravasation was 8.45% and the new fractures of adjacent vertebral body was 5 (3.52%). In this study, the incidence of RVF was about 7.9% (5/63) in all PKP-treated patients. Interestingly, all five RVFs occurred in the PKP group without ZOL infusion and there was no RVF in the PKP+ZOL group. It indicated that ZOL infusion might reduce the risk of RVFs in elderly osteoporotic patients with OVCF after initial PKP treatment. Tu et al[@b28-cia-13-853] reported that ZOL infusion could significantly reduce the incidences of final subsequent vertebral compression fractures, pedicle screw loosening and cage subsidence \>2 mm. They suggested that ZOL treatment caused beneficial effects on instrumented LIFS and recommended ZOL treatment for osteoporosis patients undergoing LIFS. Lin et al[@b29-cia-13-853] conducted a retrospective review of osteoporotic patients who underwent vertebroplasty and divided them into two groups according to whether or not they received ZOL infusion and they reported that only 4% of the patients (2/51) required a second vertebroplasty, compared to 13% (206/1,595) in the non-ZOL-treated group (*P*=0.032), indicating that osteoporotic patients who undergo vertebroplasty are significantly less likely to require reoperation if treated with ZOL infusion. Moreover, Chen et al[@b30-cia-13-853] preformed a randomized, placebo-controlled and triple-blinded study for exploring the effects of ZOL on the healing process in osteoporotic patients following spinal fusion and no adjacent vertebral compression fractures were observed in the ZOL-treated group, indicating that ZOL treatments for osteoporotic patients with spinal fusion could shorten the time to fusion, improve the fusion rate, prevent subsequent adjacent vertebral compression fractures and improve the clinical outcomes. Xue and Ye[@b31-cia-13-853] suggested that PVP combined with ZOL could significantly relieve pain, improve vertebral stability and bone density, and reduce the incidence of adjacent vertebral fractures in patients with osteoporotic vertebral compression fractures. Zhang et al[@b32-cia-13-853] reported that PVP combined with zoledronic acid was a highly effective and safe combination therapy to relieve pain and improve QoL in patients with osteolytic spinal metastases from breast cancer. Therefore, we suggest that once-yearly 5 mg ZOL infusion could reduce the risk of RVFs for elderly osteoporotic patients with OVCF after PKP treatment probably by increasing BMD and inhibiting bone resorption.

One of the limitations of this study was the small sample size of 95 elderly patients with OVCF and only 29--34 patients enrolled in each group receiving three different therapeutic strategies. Although the majority of results reached statistical significance, it would be presumptuous to draw broad, all-encompassing conclusions from this study. However, this study showed a clear difference between these treatments, which would be helpful to formulate treatment decisions. Since elderly female patients would be more likely to suffer from osteoporosis, the analysis of differences in these outcomes measured in only female elderly patients had important clinical significance; however, this study could not provide these results. Moreover, our follow-up period was 24 months, which was considered to be short-term data only. A long-term follow-up (2--5 years) could provide more valuable results. Also, a prospective study could be more useful than this retrospective study.

Conclusion
==========

In summary, this study showed the efficacy of once-yearly 5 mg ZOL infusion in maintaining the vertebral height, reducing kyphotic deformity, relieving back pain, promoting the recovery of spinal cord function and decreasing the risk of RVFs in elderly osteoporotic patients with OVCF after PKP. Therefore, once-yearly 5 mg ZOL infusion in combination with PKP could be recommended for treating elderly osteoporotic patients with OVCF.
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![Vertebral body height before and after PKP and/or ZOL infusion.\
**Notes:** Data are presented as mean±SD. \**P*\<0.05 PKP group vs ZOL group; \*\**P*\<0.05 PKP+ZOL group vs ZOL group; ^\#^*P*\<0.05 PKP+ZOL group vs PKP group. Pre: before PKP and/or ZOL infusion; post: after PKP and/or ZOL infusion.\
**Abbreviations:** PKP, percutaneous kyphoplasty; ZOL, zoledronic acid.](cia-13-853Fig1){#f1-cia-13-853}

![Kyphotic wedge angle before and after PKP and/or ZOL infusion.\
**Notes:** Data are presented as mean±SD. \**P*\<0.05 PKP group vs ZOL group; \*\**P*\<0.05 PKP+ZOL group vs ZOL group; ^\#^*P*\<0.05 PKP+ZOL group vs PKP group. Pre: before PKP and/or ZOL infusion; post: after PKP and/or ZOL infusion.\
**Abbreviations:** PKP, percutaneous kyphoplasty; ZOL, zoledronic acid.](cia-13-853Fig2){#f2-cia-13-853}

![A 71-year-old female patient with T11 OVCF who received the combination treatment of PKP and ZOL infusion.\
**Notes:** (**A**--**C**) The posteroanterior radiograph of thoracolumbar spine preoperatively, 1 year postoperatively and 2 years postoperatively. (**D**--**F**) The lateral radiograph thoracolumbar spine preoperatively, 1 year postoperatively and 2 years postoperatively.\
**Abbreviations:** OVCF, osteoporotic vertebral compression fracture; PKP, percutaneous kyphoplasty; ZOL, zoledronic acid.](cia-13-853Fig3){#f3-cia-13-853}

![BMD T-scores at lumbar spine before and after PKP and/or ZOL infusion.\
**Notes:** Data are presented as mean±SD. \**P*\<0.05 ZOL group vs PKP group; \*\**P*\<0.05 PKP+ZOL group vs PKP group; ^\#^*P*\<0.05 compared with the baseline. Post: after PKP and/or ZOL infusion.\
**Abbreviations:** BMD, bone mineral density; PKP, percutaneous kyphoplasty; ZOL, zoledronic acid.](cia-13-853Fig4){#f4-cia-13-853}

![VAS before and after PKP and/or ZOL infusion.\
**Notes:** Data are presented as mean±SD. \**P*\<0.05 PKP group vs ZOL group; \*\**P*\<0.05 PKP+ZOL group vs ZOL group; ^\#^*P*\<0.05 compared with the baseline. Pre: before PKP and/or ZOL infusion; post: after PKP and/or ZOL infusion.\
**Abbreviations:** PKP, percutaneous kyphoplasty; VAS, Visual Analog Scale; ZOL, zoledronic acid.](cia-13-853Fig5){#f5-cia-13-853}

![ODI before and after PKP and/or ZOL infusion.\
**Notes:** Data are presented as mean±SD. \**P*\<0.05 PKP+ZOL group vs ZOL group; \*\**P*\<0.05 PKP group vs ZOL group; ^\#^*P*\<0.05 PKP+ZOL group vs PKP group. Pre: before PKP and/or ZOL infusion; post: after PKP and/or ZOL infusion.\
**Abbreviations:** ODI, Oswestry Disability Index; PKP, percutaneous kyphoplasty; ZOL, zoledronic acid.](cia-13-853Fig6){#f6-cia-13-853}

###### 

Locations of OVCF in the ZOL group, PKP group and PKP+ZOL group

  Locations   ZOL   PKP   PKP+ZOL
  ----------- ----- ----- ---------
  T11         2     3     2
  T12         9     11    8
  L1          15    16    13
  L2          5     4     4
  L3          1     0     2
  Total       32    34    29

**Notes:** T11: the 11th thoracic vertebra; T12: the 12th thoracic vertebra; L1: the 1st lumbar vertebra; L2: the 2nd lumbar vertebra; L3: the 3rd lumbar vertebra.

**Abbreviations:** OVCF, osteoporotic vertebral compression fracture; PKP, percutaneous kyphoplasty; ZOL, zoledronic acid.

###### 

Demographic characteristics of ZOL group, PKP group and PKP+ZOL group

  Variable        ZOL           PKP           PKP+ZOL       *P*-value
  --------------- ------------- ------------- ------------- -----------
  Number          32            34            29            
  Age (years)     78.03±5.98    76.65±4.86    77.72±5.58    0.56
  Female, n (%)   15 (46.87%)   16 (47.05%)   13 (44.82%)   0.87
  BMI (kg/m^2^)   30.63±2.99    31.51±3.25    30.29±3.11    0.27
  BMD T-scores    −3.67±0.59    −3.80±0.67    −3.51±0.47    0.15
  VAS             7.43±0.98     7.23±1.04     7.75±1.02     0.13
  ODI (%)         37.00±2.03    38.50±3.21    37.99±2.11    0.06

**Note:** Data are presented as mean±SD or n (%), and *P*\<0.05 was considered statistically significant.

**Abbreviations:** BMD, bone mineral density; BMI, body mass index; ODI, Oswestry Disability Index; PKP, percutaneous kyphoplasty; VAS, Visual Analog Scale; ZOL, zoledronic acid.

###### 

Complications of PKP and ZOL infusion

                          PKP        PKP+ZOL     ZOL         *P*-value
  ----------------------- ---------- ----------- ----------- -----------
  Cement leakage, n (%)   6 (17.6)   4 (13.8)    0 (0)       0.67
  RVF, n (%)              5 (14.7)   0 (0)       0 (0)       0.03
  AE, n (%)                          12 (35.3)   12 (41.4)   0.62
   Flu-like symptoms                 5 (14.7)    4 (13.8)    0.67
   Fever                             1 (2.9)     2 (6.9)     0.46
   Headache                          2 (5.9)     2 (6.9)     0.87
   Nausea                            2 (5.9)     1 (3.4)     0.65
   Myalgia                           1 (2.9)     2 (6.9)     0.46
   Arthralgia                        1 (2.9)     1 (3.4)     0.91

**Note:** *P*\<0.05 was considered statistically significant.

**Abbreviations:** AE, adverse event; PKP, percutaneous kyphoplasty; RVF, recompression vertebral fracture; ZOL, zoledronic acid.

[^1]: These authors contributed equally to this work
